In our previous study, miRNA-183, a miRNA in the miR-96-182-183 cluster, was significantly over-expressed in esophageal squamous cell carcinoma (ESCC). In the present study, we explored the oncogenic roles of miR-183 in ESCC by gain and loss of function analysis in an esophageal cancer cell line (EC9706). Genome-wide mRNA microarray was applied to determine the genes that were regulated directly or indirectly by miR-183. 3cUTR luciferase reporter assay, RT-PCR, and Western blot were conducted to verify the target gene of miR-183. Cell culture results showed that miR-183 inhibited apoptosis (p < 0.05), enhanced cell proliferation (p < 0.05), and accelerated G1/S transition (p < 0.05). Moreover, the inhibitory effect of miR-183 on apoptosis was rescued when miR-183 was suppressed via miR-183 inhibitor (p < 0.05). Western blot analysis showed that the expression of programmed cell death 4 (PDCD4), which was predicted as the target gene of miR-183 by microarray profiling and bioinformatics predictions, decreased when miR-183 was over-expressed. The 3cUTR luciferase reporter assay confirmed that miR-183 directly regulated PDCD4 by binding to sequences in the 3cUTR of PDCD4. Pearson correlation analysis further confirmed the significant negative correlation between miR-183 and PDCD4 in both cell lines and in ESCC patients. Our data suggest that miR-183 might play an oncogenic role in ESCC by regulating PDCD4 expression.
INTRODUCTION

1
Esophageal cancer is one of the most common upper gastrointestinal tract cancers worldwide. Esophageal squamous cell carcinoma (ESCC) remains the most predominant type of esophageal cancer in China, and the morbidity of esophageal adenocarcinoma is rapidly increasing in western countries Hvid-Jensen et al., 2011; Lin et al., 2013) . Data from 31 urban cancer registration areas in China in 2012 showed that ESCC is the 5 th leading cause of cancer morbidities and 4 th leading cause of cancer mortalities (He and Chen, 2012) . Despite the development of improved therapeutic techniques, the overall survival for ESCC is still low (Dubecz et al., 2012) . Low survival could be due to the diagnosis of patients at advanced stages, during which treatment options are very limited. The pathogenesis of ESCC must be elucidated to provide clues for early screening and prevention.
miRNAs are a class of non-coding RNAs that regulate gene expression by imperfect or perfect paring with target mRNAs, thereby inhibiting the translation and/or degrading the mRNAs (Calin and Croce, 2006) . Results of previous studies support the concept that miRNAs can function as tumor suppressors or oncogenes by regulating downstream target genes (Fang et al., 2012; Patil et al., 2014) . ESCC is a multifactorial disease caused by the complicated interaction between multiple genes and environmental features; miRNA is a major component of the epigenome and is correlated with changes in phenotypes of diseases (Borel and Antonarakis, 2008) . Consequently, loss and gain of miRNAs may contribute to ESCC progression and the occurrence of malignant phenotypes. Several studies have shown that some specific miRNAs were aberrantly expressed in ESCC and participated in several biological processes by targeting different mRNAs (Hu et al., 2011; Yang et al., 2013) . miR-183 was reported to be up-regulated in many cancers, including prostate cancer (Ueno et al., 2013) , hepatocellular carcinoma (Li et al., 2010b) , and bladder cancer (Han et al., 2011) . Moreover, miR-183 was significantly up-regulated in ESCC, as we previously documented. However, miR-183 may also function as a tumor suppressor (Li et al., 2010a; Zhao et al., 2012; Zhu et al., 2012) . As of this writing, information is lacking on the role of miR-183 in ESCC.
We explored the oncogenic role of miR-183 in ESCC and identified programmed cell death 4 (PDCD4) as a direct target gene of miR-183. Correlation analysis in a population study revealed that the expression of PDCD4 was associated with miR-183. Therefore, the findings of this study indicated the oncogenic role of miR-183 in ESCC tumorigenesis by targeting PDCD4, particularly in the apoptosis and proliferation processes.
MATERIALS AND METHODS
Specimen collection and ethics statement
A total of 81 patients were recruited from the First People's Hospital of Huaian between 2009 and 2010. All patients provided their consent and agreement. All patients were confirmed to have primary cancer by pathology and were not subjected to preoperative radiotherapy or chemotherapy. Tumor tissues and adjacent non-tumor tissues (located t 5 cm from the edge of tumor tissues) were collected during the operation, treated with RNAlocker reagent (Tiandz, China), and stored at -20qC until use. The present study was approved by the institutional review board (IRB of Southeast University Affiliated Zhongda Hospital) in Nanjing, China.
Cell culture and transfection
Two human ESCC cell lines and a human esophageal epithelial cell line were used in this study. EC109 and EC9706 were purchased from Shanghai Tiancheng Technology Co., Ltd. Het-1A was purchased from Guangzhou Jennio Biotech Co., Ltd. EC109 and EC9706 were cultured in RPMI 1640 (HyClone, USA) containing 10% fetal bovine serum (HyClone, USA) and 1% penicillin/streptomycin (Sigma-Aldrich, USA) at 37qC with 5% CO 2 , whereas Het-1A was cultured in Dulbecco's modified Eagle's medium (HyClone, USA). The miR-183 mimic and inhibitor were synthesized by RiboBio Corporation (China), and transfection was performed using Lipofectamine RNAiMAX (Life Technologies, USA) according to the instructions. Cells (2 u 10 5 per well), miR-183 mimic with a final concentration of 30 nM or miR-183 inhibitor with a final concentration of 300 nM, and Lipofectamine RNAiMAX were seeded in a 6-well plate. Transfection efficiency was detected by RT-qPCR after 48 h of incubation.
Genome-wide mRNA expression microarray Two pairs of EC9706 samples treated with miR-183 mimic or negative control (NC) were prepared for mRNA expression profiling analysis. Agilent Array platform (4 u 44 K, Agilent Technologies) was used according to the manufacturer's standard protocols. Hierarchical clustering was performed to distinguish gene expression patterns among the samples. A 1.5-fold change cutoff was applied to filter the differentially expressed genes for data analysis. Genes with 1.5-fold higher expression than the control were considered as up-regulated, whereas genes with 1.5-fold lower expression were considered as downregulated. Pathway (http://www.genome.jp/kegg/) and gene ontology analyses (http://www.geneontology.org) were applied to determine the functions of these ectopically expressed genes in these biological pathways.
Cell apoptosis
Apoptosis rates were evaluated by flow cytometry (FACS Calibur, USA). After transfection for 48 h, serum-containing medium was replaced by serum-free medium for 24 h to induce apoptosis. Cells were harvested and washed in cold PBS twice. Subsequently, 500 Pl buffer, 5 Pl FITC annexin V, and 5 Pl propidium iodide (PI) were added according to the established protocols (KeyGEN Biotech, China).
EdU cell proliferation assay
Proliferating EC9706 cells were determined using the cell-light 5-ethynyl-20-deoxyuridine (EdU) Apollo Imaging Kit (RiboBio, China) according to the manufacturer's protocol. EdU is a nucleoside analog of thymidine and is readily incorporated into DNA during active DNA synthesis only by proliferating cells (Salic and Mitchison, 2008) . Cells were incubated with 50 PM EdU for 3 h after transfection. Subsequently, fixation, permeabilization, and EdU staining were performed. Nucleic acids in all cells were stained with Hoechst 33342, resulting in blue fluorescence. Proliferating cells were stained by conjugated reaction of Apollo dye and EdU, resulting in red fluorescence. All images were obtained by a fluorescence microscope (FSX100, Olympus, Japan).
Cell cycle analysis
Cells were harvested and suspended in 500 Pl PBS after transfection for 48 h and then vortexed gently to obtain a monodispersed cell suspension. Cells were fixed in 70% ethanol overnight at 4qC. Ethanol was discarded, and 100 Pl RNase A was added. The suspension was heated at 37qC (water bath). After staining with PI and keeping in the dark at room temperature for 30 min, signals were captured from the suspension by flow cytometry (FACS Calibur, USA).
RNA extraction and quantitative RT-PCR
Total RNA was extracted from the cultured cells using Trizol reagent (Life Technologies, USA) according to the manufacturer's protocol. For miR-183 expression level detection, total RNA was reverse-transcribed with a miR-183-specific RT primer (RiboBio, China) and amplified with PCR primers (RiboBio, China) on the ABI 7300 Real-Time PCR System (Life Technologies, USA). The relative expression of miR-183 was normalized against U6. Real-time RT-PCR for PDCD4 was performed with primers specific for PDCD4 (forward, 5c-TATGATGTGG-AGGAGGTGGATGTGA-3c; and reverse, 5c-CCTTTCATCC-AAAGGCAAAACTACAC-3c) (Frankel et al., 2008) , and the relative expression level was normalized against E-actin (forward, 5c-ATCCGCAAAGACCTGT-3c; and reverse, 5c-GGGTG-TAACACTAAG-3c), which was designed by Invitrogen (Life Technologies, USA). The difference between miR-183 and PDCD4 expressions in cells treated with mimic/inhibitor and each NC was calculated using the 2 -ǻǻCt method (Livak and Schmittgen, 2001) , where ǻCt = (Ct miR-183/PDCD4 -Ct u6/E-actin ) and ǻǻCt = ǻCt mimic/ihibitor -ǻCt NC .
Western blot analysis
The protein level of PDCD4 was determined by Western blot in EC9706 cells treated with miR-183 mimic. Total proteins (20 Pg) were mixed with 1 u 6 loading buffer and boiled for 5 min. Eactin (42 KD) and PDCD4 (60 KD) were isolated by SDS-PAGE with 10% separation gel and 5% spacer gel concentrations. Subsequently, proteins were transferred to polyvinylidene fluoride membrane at 250 mA for 1.5 h, and the membrane was blocked with 5% nonfat milk overnight at 4qC. Primary mouse anti-human E-actin IgG (Boster, China) and rabbit anti-human PDCD4 IgG (Cell Signaling, USA) were optimized at 1:600 and 1:1,000, respectively, and incubated with the membrane at 4qC overnight. The membrane was incubated with the secondary antibody (dilution 1:5,000 and 1:3,000, respectively) (Santa Cruz, USA and Cell Signaling, USA) for 1 h at room temperature after washing with TBST buffer. Signals were visualized with chemiluminescent substrate (Pierce, USA) by exposure to films.
3cUTR luciferase reporter assay
The wild type and mutant 3'UTR of PDCD4 were cloned into the pmiR-RB miRNA reporter vector (synthesized by Ribobio, China) to confirm direct target association. The wild type contained binding sites of PDCD4 3'UTR with miR-183. The se- quence that was complementary to the binding sites (positions 260-266 of PDCD4 3cUTR:GUGCCAU) was replaced by CACGGTA for mutagenesis (Fig. 6A ). The sequence of Renilla luciferase was constructed for reporter fluorescence (Rluc) in these plasmid vectors, whereas the sequence of firefly luciferase was designed for calibration fluorescence (Luc) as an internal reference to monitor the efficiency of plasmid expression. Cells (1 u 10 4 ), vectors (100 ng), and miRNA mimic (1.5 pmol) in each well (in a 96-well plate) were mixed in RPMI1640 medium with 10% FBS and incubated for 48 h. Luciferase activity was measured using a dual-luciferase reporter assay system (Promega, USA) after incubation and was read with Mithras LB 940 (Berthold Technologies, Belgium). Luciferase signal ratio (Rluc/Luc) was calculated for each construct.
Statistical analysis of data
The prediction of miRNA targets was performed by using Target Scan (release 6.2, http://www.targetscan.org/) and miRDB (http://mirdb.org/miRDB/). All results were expressed as means r SD. Student's t-test was performed to determine the differences of miRNA and mRNA expression levels. One-way ANOVA was used for luciferase reporter assay analysis. The relationship between miR-183 and PDCD4 expression was analyzed using the Pearson correlation coefficient. All experiments were performed in triplicate. All statistical analyses were performed on SPSS 18.0. p < 0.05 was considered statistically significant. -fold (p < 0.001), whereas the expression in cells with inhibitor was down-regulated by 1.99-fold (p = 0.002). Microarray profiling revealed 100 up-regulated genes and 83 downregulated genes. The markedly changed genes are shown in Table 1 . The remarkably decreased genes in miR-183 mimictreated cells were HLA-DRB5, ITGB1, MICB, PSEN2 and PDCD4. The changes in these genes were 4.2-to 2.4-fold. Most of these genes are critically related to tumorigenesis. Cluster analysis based on the differentially expressed mRNAs was used to successfully separate the miR-183 mimic treated cells from the NC, thereby revealing the consistency in each case. The cumulative distribution of the log2-transformed gene expression fold changes for genes predicted by TargetScan and other genes was plotted (Fig. 1) . A significant shift for genes predicted as targets of miR-183 compared to those nontarget genes indicates the miR-183 target genes predicted is more likely to be repressed (p < 0.001, Kolmogorov-Smirnov test).
RESULTS
Profiling of differentially expressed genes in EC9706 cells
Bioinformatic analysis
The identified genes showing alterations were annotated in the GO analysis for biological function classification and in the pathway analysis for the elucidation of whole chains of events in miR-183 over-expressing cells. Among all the downregulated genes, the GO analysis for "biological process", "cellular component", and "molecular function" showed significant enrichments of 13, 10, and 10 terms, respectively. The most significantly enriched GO term under the molecular function category was the cyclin-dependent protein kinase regulator activity, thereby suggesting its critical role in cell cycle progression. TGF-beta signaling and p53 signaling pathways were significantly enriched in the KEGG pathway analysis. Both pathways are classic signaling pathways in tumorigenesis. Cell cycle arrest was the major output that resulted from the deregulation of the above pathways. This result suggested that these altered cancer-related genes may play important roles in ESCC. Additionally, we noticed the frequent occurrence of genes involved in the regulation of apoptosis, proliferation, differentiation, and migration of the down-regulated genes. The en- riched GO terms for molecular function were also related to protein kinase activity, epithelial cell differentiation, and immune response. KEGG pathway analysis revealed that several classic cancer-related pathways, such as ECM-receptor interaction, focal adhesion, and pathways in cancer, were significantly disturbed.
miR-183 inhibits serum deprivation-induced apoptosis in EC9706 cells
After 48 h of transfection, serum-containing medium was replaced by serum-free medium for 24 h to induce apoptosis. Results showed that the early apoptosis rate was reduced in the cells with miR-183 mimic compared with that in the NC (3.31 r 1.20 vs. 7.43 r 1.01, p < 0.001), and late apoptosis rate also decreased (5.83 r 0.29 vs. 8.77 r 1.59, p < 0.01) (Fig. 2) . A rescue experiment was conducted via miR-183 inhibitor to determine the function of miR-183 in apoptosis regulation. The inhibitory effects of miR-183 on early apoptosis rate (12.39 r 1.89 vs. 6.56 r 1.87, p < 0.001) and on late apoptosis rate (9.53 r 1.58 vs. 7.36 r 2.42, p < 0.05) were rescued, as shown in Fig.  3 . These results indicated that miR-183 can suppress serum deprivation-induced apoptosis in EC9706 cells. (Figs. 5A and 5B), but the percentages at S and G2 phases showed no statistical difference. Thus, over-expression of miR-183 accelerated cell cycle progression.
Over-expression of miR-183 promoted cell proliferation and G1/S transition in EC9706 cells
miR-183 regulated the expression of PDCD4 at protein levels
We analyzed the putative target genes using bioinformatics approaches, namely, TargetScan (release 6.2, http://www. targetscan.org/) and miRDB (http://mirdb.org/miRDB/), to identify the downstream genes of miR-183. Both approaches predicted miRNA targets with different rules of targeting. Target Scan involves the use of UCSC whole-genome alignments to identify 3cUTR sequences and predicts biological targets of miRNAs by searching for the presence of conserved 8 mer and 7 mer sites that match the seed region of each miRNA (Thomson et al., 2011) . miRDB involves the use of a bioinformatics tool MirTarget2, which is developed by analyzing thousands of genes impacted by miRNAs with an SVM learning machine (http://mirdb.org/miRDB/). We combined the results from the two prediction programs to find bona fide targets. PDCD4, which was discovered by both microarray profiling and bioinformatics predictions, was selected for further validation (Fig. 6A) . RT-qPCR showed that PDCD4 slightly decreased in EC9706 cells treated by miR-183 mimic and increased in miR-183 inhibitor-treated cells, but no statistical differences were observed. Degrading target mRNAs did not seem to be the major way by which miR-183 regulated PDCD4. Western blot analysis confirmed that miR-183 significantly reduced the protein level of PDCD4 (fold change = 0.76, p < 0.05) (Figs. 6B and 6C). These results indicated that miR-183 negatively regulated the expression of PDCD4 mainly by inhibiting translation.
miR-183 suppresses PDCD4 expression by binding to 3cUTR sequences
Luciferase reporter assay was performed to validate the direct target association of miR-183 and PDCD4. Figure 7 shows the luciferase signals from co-transfection of PDCD4 3cUTR constructs (with or without miR-183 binding site mutation), miR-183 mimic, and NC. ANOVA analysis indicated that miR-183 significantly inhibited the expression of wild 3cUTR constructs of PDCD4 (p < 0.01) compared with other treatments. Cotransfection of miR-183 with wild-type plasmid showed a 2.12-fold decrease compared with the mutant type with NC. These data suggest that miR-183 may repress the expression of PDCD4 by binding to the specific sequences in the 3cUTR of PDCD4.
Association of PDCD4 mRNA level with miR-183 in ESCC cell line and esophageal tissues
The relative expression of PDCD4 mRNA and miR-183 was determined in two ESCC cell lines and a human esophageal epithelial cell line (Het-1A) to explore the actual association between PDCD4 and miR-183. EC9706 showed the lower expression level of miR-183 and the higher expression level of PDCD4 against Het-1A (Fig. 8A) . Pearson correlation analysis showed the significant correlation of miR-183 and PDCD4 in both cell lines (R = -0.81, p < 0.01).
The correlation in esophageal tissues was also determined. . miR-183 binds to the 3cUTR of PDCD4 using luciferase reporter assay. Bar represents the relative Rluc/Luc ratio each construct. From left to right are co-transfection of wild type of PDCD4 3cUTR and miR-183 mimic, mutant type of PDCD4 3cUTR and miR-183 mimic, wild type and negative control of mimic, mutant type and negative control. miR-183 significantly decreased luciferase activity in 3cUTR of PDCD4 which suggests that miR-183 directly targets the 3cUTR of PDCD4. WT, plasmid construct containing wild type of PDCD4 3cUTR. Mut, plasmid construct containing mutant type of PDCD4 3cUTR. NC, negative control for miR-183 mimic. **p < 0.01.
With the log10-transformed data, the Pearson correlation analysis showed a significant negative correlation between miR-183 and PDCD4 (R = -0.189, p = 0.016) (Fig. 8B) . However, PDCD4 expression levels in cancer tissues and adjacent non-tumor tissues were not statistically different. The results indicated that miR-183 could affect PDCD4 expression.
DISCUSSION
miR-183 is a member of the miR-96-182-183 cluster located in 7q, which was a preferential site of translocation (Corcoran et al., 1999) , loss of heterozygosity (Achille et al., 1996; Bieche et al., 1992) , and amplification (Koo et al., 2001 ). In addition, frequent gains at this site were observed in ESCC ( The target genes of miR-183 in malignancy were reported in several cancers. Sarver et al. (2010) demonstrated that miR-183 promoted cell migration in multiple tumor types, including synovial sarcoma, rhabdomyosarcoma, and colon cancer, by targeting EGR1. Tanaka et al. (2013) reported that miR-183 was up-regulated in malignant gliomas and mediated by targeting IDH2. miR-183 increased cell growth and motility by targeting Dkk-3 and SMAD4 in prostate cancer (Ueno et al., 2013) . However, miR-183 decreased cell invasion and migration capacities by targeting ITGB1 in cervical cancer (Li et al., 2010a) and by targeting Ezrin in osteosarcoma (Zhu et al., 2012) . The conflicting roles of miR-183 in different cancers may be caused by tissue dependence. miR-183 would likely target diverse downstream genes through which it would exert different biological functions on cancer cells.
In the present study, we found that the over-expression of miR-183 can suppress serum deprivation-induced apoptosis, and the repression of apoptosis could be rescued when miR-183 expression was reduced via an miR-183 inhibitor. In addition, miR-183 accelerated cell progression in G1/S phase transition and promoted cell proliferation. Thus, miR-183 promoted ESCC tumorigenesis at phenotype level from the cytobiological features. A total of 183 differentially expressed genes were screened, including 100 up-regulated genes and 83 downregulated genes between miR-183 mimic treated cells and NC, according to microarray profiling results. These altered genes were critically related to a number of processes or pathways, including cell cycle progression, cell apoptosis, proliferation, differentiation, p53 pathway, and TGF-E pathway. We speculate that the abovementioned phenotypic changes may be regulated by some downstream genes of miR-183. miRNA target prediction programs (TargetScan and miRDB) and mRNA microarray profiling were employed to identify the bona fide targets of miR-183. PDCD4 was markedly identified as one of the targets of miR-183. The binding sites of miR-183 were in PDCD4 3cUTR. The PDCD4 gene was originally considered to be up-regulated in apoptotic cells, and this gene encoded a protein that is localized to the nucleus in proliferating cells (Shibahara et al., 1995) . Furthermore, results of previous studies confirmed that PDCD4 is an important tumor suppressor gene (Gaur et al., 2011; Wei et al., 2012; Zhang et al., 2010) . The present study confirmed that over-expression of miR-183 could inhibit PDCD4 protein expression. Moreover, the expression level of PDCD4 was related to the expression of miR-183, which was confirmed in esophageal cancer cell lines and in a human esophageal epithelial cell line. Furthermore, the correlation analysis showed a significantly negative correlation in tumor tissues and adjacent non-tumor tissues, thereby suggesting that the expression of miR-183 was closely related to PDCD4 expression. In addition, miR-183 might exert oncogenic function by targeting PDCD4 in ESCC. An early report on miR-183 in hepatocellular carcinoma by Li et al. (2010b) demonstrated that miR-183 could target PDCD4 by RT-PCR detection and Western blot. The role of miR-183 in ESCC requires further study given that miR-183 may play conflicting roles in different tumors. The role of miR-183 in esophageal cancer was explored for the first time in the present study. We verified the negative correlation between miR-183 expression and PDCD4 expression in a population study, thereby confirming target association. The parallel results in the two studies confirmed the oncogenic role of miR-183 and PDCD4 as a downstream target in tumors.
PDCD4 was frequently reduced in a variety of tumors (Fassan et al., 2010; Ma et al., 2013; Santhanam et al., 2010; Wang et al., 2010) . As a tumor suppressor gene, PDCD4 is recognized as a gene that is up-regulated after the initiation of apoptosis (Shibahara et al., 1995; Zhang et al., 2006) . In gastric cancer, PDCD4 can regulate the progress of apoptosis by down-regulating FLIP, which is a negative regulator of apoptosis . In hepatocellular carcinoma, PDCD4 mediates TGF-E1-induced apoptosis by stimulating the synthesis of PDCD4 mRNA via the Smad signaling pathway (Matsuhashi et al., 2014; Zhang et al., 2006) . A report from Eto et al. (2012) demonstrated that the loss of PDCD4 increased procaspase-3 expression, thereby leading to its activation and PARP cleavage even without apoptotic stimuli. Moreover, the cells were sensitized to apoptosis. These findings indicate that PDCD4 participates in tumorigenesis by regulating apoptosis. Tumorigenesis is associated with increased cell proliferation and apoptosis reduction. PDCD4 can induce cell cycle arrest at G1 stage in ovarian cancer (Lankat-Buttgereit and Goke, 2009; Wei et al., 2012) , and this result is consistent with our findings in the present study. As for molecular mechanisms, PDCD4 induced the expression of p27 and p21 (Wei et al., 2012) , which are critically related to cell cycle progression and proliferation. In addition, PDCD4 knockdown can up-regulate cyclinD1expression through NF-NB activation and GSK3E phosphorylation (Guo et al., 2011) . The abovementioned findings illustrate that PDCD4 loss results in cell cycle acceleration. PDCD4 also exerts inhibitory effects on cancer cell migration and invasion (Jiang et al., 2010; Zhang et al., 2009 ). PDCD4 expression is associated with nodal metastasis and invasion; thus, PDCD4 is a clinically relevant biomarker with prognostic value in oral carcinoma (Reis et al., 2010) . Moreover, PDCD4 down-regulation is a reliable biomarker of early-stage squamous cell esophageal cancer (Fassan et al., 2012) . Consequently, we were able to speculate that the down-regulation of PDCD4 is a frequent event in tumorigenesis and exerts tumorsuppressive function in tumor cell movement, invasion, proliferation, and apoptosis.
We found that miR-183 facilitates the progression of ESCC by down-regulating PDCD4 expression. Our results can be the basis for further analysis of miR-183 and PDCD4 in vivo to develop a new potential diagnostic and therapeutic target for ESCC screening and treatment.
